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Introduction
Psoriasis is a common chronic inflammatory skin disorder with nail involvement, which is mostly estimated to be 80% of psoriatic patients during lifetime 1 ; however, psoriasis can just be limited to the nails in 5%-10% of cases. 2 On the basis of the nail structure, the clinical manifestations are mainly due to the involvement of nail matrices, such as pitting, leukonychia, and ridging. In addition, they can be because of the involvement of nail beds, including oil drop patches, onycholysis, splinter hemorrhages, and subungual hyperkeratosis. 3 It has been shown that nail changes in patients with nail psoriasis are associated with cosmetic problems, interference with work, and pain, which may consequently lead to a negative impact on the quality of life. 2, 4, 5 Additionally, nail psoriasis can be considered as a predictor of psoriatic arthritis. 6 Therefore, although nail psoriasis treatment can be challenging and unsatisfactory due to therapy resistance, safe and effective treatments are required to improve the quality of life and reduce the risk of psoriasis-triggering diseases. 5 It has been shown that due to the limited efficacy of the topical therapies in nail psoriasis because of the low penetrability of the topical therapies in the nail matrix and nail bed, 3 phototherapy as a systemic therapy may be effective in nail psoriasis. 7 Recently, photodynamic therapy (PDT) with 5-aminolevulinic acid (ALA) as a photosensitizer has been shown to be effective in treatment for some skin diseases, including sebaceous hyperplasia, acne, and psoriasis. [8] [9] [10] [11] PDT with red light may improve the permeability of the nail bed and nail matrix by using ALA, which is metabolized to protoporphyrin IX and accumulation of ALA-induced protoporphyrin IX can be a target for PDT. 12, 13 Although several studies have reported the efficacy of PDT in the treatment of plaque-type psoriasis, 8, 11 there are not enough previous studies that show the effectiveness of PDT in nail psoriasis. 10 Consequently, the present study aimed to assess and compare the clinical efficacy of clobetasol propionate 0.05% ointment and PDT using ALA and red light in the treatment of nail psoriasis.
Materials and Methods

Populations of Study
This open-trial study included 69 nails of 8 outpatients aged ≥20 with moderate-to-severe fingernail psoriasis from the Dermatology Department of Shohada-e Tajrish Hospital between November 2016 and May 2017. The diagnosis was according to the clinical symptom and the direct potassium hydroxide smear of nail lesions; direct microscopy and culture were performed to exclude onychomycosis in some problematic patients. The exclusion criteria comprised patients with nail psoriasis, who had received topical and/or systemic therapies within the last 3 months, history of photosensitivity, pregnancy, and lactation.
The severity of nail psoriasis was assessed by a blinded dermatologist during treatment using the Nail Psoriasis Severity Index (NAPSI) score, which was used for the nail bed, the nail matrix, and the total nail of each fingernail. According to the NAPSI score, the nail was divided into quarters, then each quadrant was evaluated for the presence or absence of any of features of the nail bed and the nail matrix. The maximum possible score was 8 for each fingernail (4 for matrix plus 4 for bed scores). 14 NAPSI scores and photographs were performed and taken at the start of each session (at the beginning and at every 3 weeks for 5 cycles) during the treatment. At least a 25% reduction in NAPSI scores from the baseline was considered a positive response to treatment. 15 The improvement of each fingernail was based on the following scores between 0 and 6: 0 = 100% improvement (total clearance); 1 = 90% improvement (almost total clearance); 2 = 75% improvement (distinct clearance); 3 = 50% improvement (moderate clearance); 4 = 25% improvement (mild clearance); 5 = no change; and 6 = worse.
Study Protocol
The right hand as an experimental group was treated with ALA and red light-PDT, and the left hand as a control group was treated only with clobetasol propionate 0.05% ointment, which was massaged into the nail bed and covered with an occlusive dressing to increase its efficacy for 15 weeks every day. First, the nail lesions of the right hand were sealed with 20% ALA gel (MEDAC GmBH Hamburg) for 3 hours to induce the accumulation of protoporphyrin IX, as a photosensitizing agent, in the nail that was confirmed by UV irradiation. Then, PDT with the red-light source (PDT 1200, Waldmann Medizintechnik, Villingen-Schwenningen, Germany) was applied one time at a wavelength of 630 nm (range 600-730 nm) with a total dose of 120 J/cm 2 and an intensity of 200 mW/cm 2 for approximately 20 minutes. This treatment was performed every 3 weeks for 5 sessions. Follow-up evaluation was done 24 weeks after the last treatment session. To reduce and manage pain during irradiation, a mini hand-held fan was used near to the site of treatment.
Statistical Analysis
The Shapiro-Wilk test was used to assess the normal distribution. The Student's t test was used to compare the groups. The differences between the last treatment session and 24-week follow-up in both groups were determined by the paired-samples t test. Repeated measurement analysis of variance was used to compare the mean of the NAPSI score during the treatment. When the Mauchly's test of sphericity showed the heterogeneity of covariance, the Greenhouse-Geisser correction was performed to adjust the degrees of freedom in the F-tests. All statistical analyses were done by the SPSS 22.0 version, and statistically significant results were considered as P < 0.05.
Results
From a total of 69 severe psoriatic nails, 35 were treated with ALA-PDT and 34 with clobetasol propionate 0.05% in a group of 8 patients with a mean age of 32.23 ± 5.49.
The mean of the nail matrix, the nail bed, and the total NAPSI scores at the baseline and in weeks 4, 8, 15 (end of treatment), and 24 (follow-up) are shown in Figure 1 .
No significant differences were found in the mean of total NAPSI scores between the two groups at the baseline and in weeks 3, 6, and 9 (P = 0.862, P = 0.915, P = 0.698, P = 0.695 respectively ) (Figure1a); there were also no significant differences in nail bed and nail matrix NAPSI scores between the two treatment groups at the baseline (P = 0.466, P = 0. 389 respectively) and in weeks 3 (P = 0. 240, P = 0.314 respectively), 6 (P = 0.234, P = 0.513 respectively), and 9 (P = 0. 477, P = 0.751 respectively) ( Figure 1b and 1c ). However, statistically significant differences were observed in all three scores in weeks 12 and 15 (P < 0.001) between the treatment groups.
The repeated measurement analysis of variance with a Greenhouse-Geisser correction showed that during the treatment period, a statistically significant reduction was found in the means of nail matrix, nail bed and total NAPSI scores in the treatment groups (all P < 0.001) ( Figure 1 ); a significant time-effect improvement was also found in all three scores in both groups (all P < 0.001). The mean of total NAPSI score between two groups at the baseline and the 15-week was statistically significantly different (F = 8.472, P = 0.005).
The mean NAPSI scores in nails treated with ALA-PDT significantly decreased from 5.97 ± 1.29 at the baseline to 4.29 ± 1.44 in week 15 and 2.11 ± 1.27 at the end of week Journal of Lasers in Medical Sciences Volume 11, Number 1, Winter 2020 5 PDT vs. Clobetasol in Nail Psoriasis 24 of follow-up (P < 0.001). Clobetasol in the treatment of nail psoriasis showed a significant reduction in the mean NAPSI scores from the baseline (6.03 ± 1.47) to week 15 of treatment (2.50 ± 1.05) (P < 0.001 ) and an increase in the mean NAPSI scores from 2.50 ± 1.05 in week 15 to 3.94 ± 0.95 in the follow-up (P < 0.001) ( Table 1 ). There were also significant differences in the means of the nail matrix and nail bed scores from the baseline to the end of treatment and in the follow-up in both groups (all P < 0.001).
At the end of the 15-week treatment period, the mean NAPSI was reduced to 2.50 ± 1.05 presenting a 58% improvement in the clobetasol group and 4.29 ± 1.44 presenting a 28% improvement in the ALA-PDT group.
At the 24-week follow-up after the last treatment session, the mean NAPSI score was significantly greater in the nails treated with ALA-PDT than in the nails treated with clobetasol (P < 0.001) ( Figure 2) .
None of the patients reported intense pain and discomfort during irradiation.
Discussion
The results of this study showed significant differences in the mean NAPSI scores between ALA-PDT and clobetasol 0.05% ointment at weeks 12, 15 and 24. Clobetasol has been shown to be more effective in the treatment of severe psoriatic nails than ALA-PDT, although the treatment efficacy at a 24-week follow-up was significantly greater in the nails treated with ALA-PDT compared with the nails treated with clobetasol.
The incidence of nail psoriasis is reported among approximately 50% of patients and consequently can cause a decreased quality of life among them. 1, 2, 4, 5 Nail psoriasis could also potentially be related to the risk factor in psoriatic arthritis. 6 First line therapies are often topical treatments, although their efficacy in nail psoriasis is limited due to the low penetrability of the nail bed and nail matrix. 3 However, the effectiveness of topical therapies on the nail plate may be increased under occlusion. 16 The clobetasol propionate at a concentration of 0.05% is the most common topical agent in the treatment of psoriasis. 17 The long-term use of clobetasol propionate is associated with adverse effects such as skin atrophy, telangiectasia, depigmentation and bone reabsorption. 18 Although it has been shown that clobetasol 0.05% in cream/gel/ ointment generally has poor efficacy in the treatment of nail psoriasis due to limited penetration, 16 Rigopoulos et al showed the significant efficacy of clobetasol 0.05% cream in improving nail psoriasis 12 weeks after treatment. 19 Similarly, in this study, clobetasol propionate 0.05% ointment was shown to significantly improve nail psoriasis after a 15-week treatment period. However, Nakamura et al found a significantly positive effect of clobetasol propionate 8% on nail lacquer, when compared the efficacy of clobetasol at different concentrations of 0.05%, 1%, and 8% in patients with nail psoriasis. 20 These contrasting findings are probably due to different settings, patient diversity, differences in ethnicity, gender, age, psychosocial factors, nutritional status, smoking, and environmental factors as mentioned in other studies. [21] [22] [23] [24] On the other hand, in recent years PDT has been described to be effective in the treatment of plaque-type psoriasis, 9, 25 while there are not enough prior studies reporting the treatment of nail psoriasis with PDT. Fernández-Guarino et al showed the efficacy of PDT and the pulsed dye laser in the treatment of nail psoriasis, although the reduction in the NAPSI score in both treatment groups was not significant; they revealed 21% improvement in the NAPSI score after 3 months and 54% improvement after 6 months of treatment with PDT. 10 In addition, they found that methyl-aminolevulinic acid (MAL) did not play any role in treating nail psoriasis. Similarly, according to this study, nails treated with ALA-PDT showed a 28% improvement in the NAPSI score in week 15, and no patient showed discomfort during the sessions despite slight pain. Thus, PDT treatment was well tolerated by the patients. In contrast, low efficacy and a high percentage of pain have been shown in the treatment of psoriasis with PDT, as has been supported by the British Association of Dermatologists guidelines. 26 Finally, our findings at the end of the 6-month followup showed that clinical improvement in the NAPSI score was achieved with ALA-PDT treatment, while the cases treated with clobetasol 0.05% showed worsening or recurrence of symptoms of nail psoriasis.
The factors influencing the efficacy of PDT and pain intensity during PDT include light sources, radiation doses, and ALA concentrations. 27 Different light sources can be currently employed in PDT, such as laser, red lights, blue lights, intense pulsed light, light-emitting diodes, and other visible lights. 17 Photosensitizers of PDT include MAL, ALA, methylene blue, etc. Recently, ALA and MAL in different concentrations are applied in PDT, which were widely used to treat oncological conditions such as actinic keratosis and also some inflammatory dermatoses such as psoriasis, sebaceous hyperplasia, hidradenitis suppurativa, and acne vulgaris, 8, 9 although there is no study to assess the efficacy of various light sources of PDT in different concentrations of ALA/MAL for the treatment of nail psoriasis.
Psoriasis is a chronic, relapsing disease, and the management of nail psoriasis is challenging and difficult due to resistance in therapy and/or slow response to the treatment because of slow-growing nails, which can be affected by age and nutrient deficiency. Thus it requires long-standing treatment that might increase the risk of medication side effects. On the other hand, there is no standardized treatment for nail psoriasis and the selected treatment is dependent on multiple factors such as the history of the patient, age, sex, severity, the duration of nail psoriasis, concomitant diseases and medications, and the risks and benefits of therapy. Furthermore, systemic treatment is not recommended in psoriatic patients with only nail manifestations; it is suggested in patients with skin or joint involvement or patients resistant to treatment. 16 For these reasons, in this study, it seems that ALA and red light-PDT might be an effective and safe therapeutic choice for the treatment of severe nail psoriasis due to long-term effects (at the end of follow-up) without discomfort and severe pain during treatment and any side effects.
Our study has some limitations. This study had a small sample size and was not randomized and double-blind. In addition, growing nails are strongly associated with nutrients intake that was not assessed in the patients using the Food Frequency Questionnaire.
Conclusion
After the last treatment session, the mean NAPSI scores in the nails treated with clobetasol 0.05% ointment were significantly less than those in the nails treated with ALA-PDT; however, 6 months after the last treatment session, the mean NAPSI scores in the nails treated with ALA-PDT were greater than those in the nails treated with clobetasol 0.05% ointment. Treatments were also well tolerated and none of the patients complained of discomfort during the sessions except slight pain. Additional studies using a larger number of patients are needed to confirm these results.
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